Individuals' behavioral responses to predator stimuli may be constrained due to the needs of courtship and reproductive behavior. We tested whether alarm and mobbing behavior in response to predator stimuli was dependent on changes in reproductive behavior in chaffinches (Fringilla coelebs). Male chaffinches may suffer cuckoldry if they become separated from their mates during the fertile period, as would happen in cases of mobbing a predator. After the fertile period has ended, however, as their eggs and subsequent young become increasingly valuable, male chaffinches should devote more effort toward mobbing. We found that the time spent near the female and copulation rates was higher during the preincubation fertile period compared with the incubation period. However, the intensity of mobbing responses to a stuffed avian predator was higher during the incubation period. Furthermore, an experiment that manipulated calling behavior related to mobbing intensity showed that rates of extrapair copulations were higher in treatments of higher intensity mobbing. Taken together, these results indicate that during the breeding season, male chaffinches only engage in antipredator mobbing behavior after the fertile period has ended for their female mate. These data point to an important trade-off between current reproductive effort and antipredator responses.
A ll behaviors have costs and benefits. Conflicts over time allocation to resource use arise when different activities contributing to fitness cannot be performed concurrently (Sih 1980; Lima 1998 Lima , 2009 ). In such situations, animals are predicted to optimize fitness payoffs by trading off the benefits of performing one act against the costs of not performing a second act (Houston and McNamara 1999) , assuming sufficient independence of the 2 acts. One example of such a trade-off involves behavior related to predator avoidance and behavior related to reproduction. Many animals display increased risk-taking behavior during the mating season if the overall outcome results in increased reproductive success (Godin and Dugatkin 1996; Dill et al. 1999; Kavaliers et al. 2001) . In other animals, however, the presence of predators or parasites has been shown to cause a decrease in behavior related to reproduction (Farr 1975; Endler 1987; Candolin 1997) or to alter selection pressure for certain variants of reproductive behavior (e.g., Bernal et al. 2006; Page and Ryan 2008) . Predator avoidance often conflicts with behaviors, such as foraging (Cooper and Perez-Mellado 2004) , fighting (Jakobsson et al. 1995; Brick 1998) , mating (Candolin 1997; Brown and Shine 2004) , and provisioning young (Arnold et al. 2005) . There is strong empirical evidence that predator avoidance tactics vary as a consequence of these trade-offs (Lima and Dill 1990; Lima 1998 Lima , 2009 . The presence of predators generally decreases foraging time (Cowlishaw et al. 2004) , aggression, and reduces mating opportunities (Martín et al. 2003) . Furthermore, prey individuals may respond to approaching predators by hiding in a refuge (Martin and López 1999; Cooper and Perez-Mellado 2004) .
In many cases, prey animals are not just passive victims nor are they only able to respond to predator stimuli with avoidance behavior. Prey animals are often able to defend themselves against the unwelcome attention of a predator by giving alarm calls or performing mobbing displays (Curio 1978; Frankenberg 1981; Robinson 1985) . Mobbing is well documented in a variety of animals, and this conspicuous antipredator strategy quickly recruits both conspecific (e.g., Andersson and Wiklund 1978; Krams et al. 2010 ) and heterospecific (e.g., Hurd 1996; Krams and Krama 2002) individuals around a predator. There is a group effect in mobbing (Krams et al. 2009) , and the greater the number of mobbers, the greater the chances of driving away a predator (e.g., Picman et al. 1988) . A predator driven away may give an opportunity for prey individuals to continue their interrupted daily activities, such as feeding of their offspring. In addition to increased benefits, mobbing behavior has some costs. Costs of mobbing include risk of injuries or death of mobbing individuals (Poiani and Yorke 1989) and time and energy (Collias and Collias 1978) . Furthermore, far-carrying mobbing calls can be intercepted by nest predators, which could increase nest predation (Krama and Krams 2005) .
Many studies have documented a temporal increase in mobbing as a part of nest defense during the breeding cycle, whereas mobbing may be rarely performed during nest building or the egg-laying phase (Montgomerie and Weatherhead 1988; Redondo 1989 , but see Arnold 2000 . Theoretical models of life-history evolution predict that the resolution to the parental dilemma between placing themselves or their offspring at greater risk of mortality when under threat of predation will vary among species depending on offspring value and the probability of survival for the parents (Trivers 1972; Andersson et al. 1981; Redondo 1989; Rytkönen and Soppela 1995) . Parents can increase their fitness by investing more in older rather than in younger offspring, which explains the increase in the intensity of mobbing as the breeding season advances (Carlisle 1985; Montgomerie and Weatherhead 1988; Redondo 1989) . However, the lack of mobbing behavior in the early breeding season could also be explained by a trade-off between investment in antipredator behavior and investment in reproduction because less investment in mate guarding may result in loss of paternity.
Males of many monogamous avian species are expected to maximize their reproductive performance by ensuring the paternity of offspring in their own nests and copulating with other females to fertilize extrapair young (Birkhead et al. 1990; Birkhead and Møller 1992) . Males ensure paternity in their own nests by guarding their mates during the fertile period (Komdeur et al. 1999) , by frequent copulations, or both (Birkhead and Møller 1992) . Prey individuals usually mob predators that are not an immediate threat and engage in alarm, freezing, or evasive behavior when predators are an immediate threat. Because of the general lack of immediate threat in mobbing contexts, intensity of mobbing by monogamous males should be low early in a breeding season because neighboring males may mate with a male's female when that male is occupied in mobbing (Hanski 1994) . Prey individuals could ensure some safety by simply increasing vigilance, observing alarm behavior of conspecifics, and by relying more on vocal communication such as alarm calling when predators rest in their territories, as a few examples (Curio 1978; Curio and Regelmann 1985; Lima and Dill 1990; Hogstad 1995) , without attempting to drive the predators away.
In this experimental field study, we investigated whether males of the chaffinch, Fringilla coelebs, vary rates of mobbing of predators relative to the fertile period of their mates. The chaffinch is a socially monogamous and territorial species, and in a study in the United Kingdom, 23% of the broods studied contained extrapair young (Sheldon and Burke 1994) . Furthermore, female chaffinches have been described to advertise their fecundity by actively soliciting for copulations, which can attract neighboring males (Sheldon 1994) . Thus, male chaffinches are capable of identifying the fertile periods of their own mates and those of other females (Hanski 1994; Sheldon 1994; Sheldon and Burke 1994) . We expected male chaffinches not to mob predators near their nests during the fertile period of their mates, which occurs several days before the start of incubation until the penultimate egg is laid (Birkhead and Møller 1992) . Sperm transferred in a single copulation several days before the start of laying may be capable of fertilizing an entire clutch because female birds have been found to store sperm after insemination in special sperm storage tubules located at the utero-vaginal junctions (Birkhead and Møller 1992) . To prevent cuckoldry, therefore, a male should guard his mate during the whole fertile period, thereby greatly limiting its abilities to mob predators. Second, we expected that male chaffinches should increase mobbing behavior toward predators just after the fertile period of their mates is over. At this point, benefits of mate guarding no longer accrue, and eggs or (later) young become increasingly valuable to the male.
MATERIALS AND METHODS

Study site and species
We collected data on reproductive behavior of chaffinches near the town of Kr aslava, southeastern Latvia. The study area comprised 80-to 120-year-old coniferous forests dominated by Norwegian spruce (Picea abies). We conducted all fieldwork between May and June in 2000, 2001, 2003, and 2007 . Altogether, we mist netted and color ringed 42 pairs of chaffinches during preincubation stage. Chaffinches were breeding in clusters consisting of 5-12 pairs and the distance between 2 neighboring clusters was 180 6 54 m (mean 6 standard deviation [SD] ). Breeding density of chaffinches was 184 pairs km 21 in spruce forests of our study area. Mean clutch size was 4.83 6 035 (mean 6 SD) eggs in 65 nests of chaffinches found during this study. To calculate the mean clutch size, only successful pairs were used.
In each cluster of breeding chaffinches, we chose 1 or 2 focal nests to monitor egg laying so as to maximize independence across nests in our sample. We chose focal nests that were situated low (0.65-2.20 m) enough to reach quickly during inspection, which made it possible to check the start of incubation from a distance by binocular or spotting scope. We conducted all of the naturalistic observations and experimental manipulations during the first breeding attempt of the birds.
Naturalistic observations of mate guarding behavior
We defined the rate of mate guarding as the proportion of time a male spent near its mate while following her movements (usually within the range of 1-7 m) or while making copulation attempts. Prior to any experimental manipulation involving predator stimuli or mobbing call playbacks (see below), we observed the pairs of chaffinches between 04.30 and 10.00 h for 5 days before the onset of incubation and for 3 more days after the incubation had been started. We omitted from analyses time during which the focal pair was out of sight and could not be observed. The total tracking time across the 42 pairs was 120 h (2.86 6 0.79 h of focal observation per pair, mean 6 standard error [SE] ). We quantified for each male the time that the male spent with its mate, intrapair copulations, and interactions with other males and females. While counting the number of copulations, we included into analyses only those copulations when the male mounted the female and apparent cloacal contact occurred. When several copulations occurred in bouts of up to 3 times within 1 minute, we considered such cases as just one copulation.
Experimental manipulations
Predator model presentations To find out whether male chaffinches trade off their antipredator behavior for mate guarding, we twice presented at 26 focal pair nests a life-like stuffed predator near their nests. We conducted these presentations in 2000, 2001, and 2003 . We carried out the first experimental trial on the morning when the fourth egg was laid and the second experimental trial 3 days later when the females had started the incubation of the full clutch (consisting of 5 eggs in all of the 26 nests). Because females may lay more than 5 eggs, males may not know whether their females are nonfertile until the onset of incubation. Male chaffinches guard their mates at high rates until the start of incubation, and as soon as females start incubation, the males stop their guarding activities (Hanski 1994) .
We used a stuffed tawny owl (Strix aluco) as the predator stimulus in all trials near the 26 nests. This is a common predator of chaffinches (Glue 1972; Mikkola 1983) , whose presence strongly affects the behavior of passerine birds (Bautista and Lane 2000; Hendrichsen et al. 2006) . In 2003, we also observed a tawny owl that depredated an incubating female chaffinch from its nest (Krams T, unpublished data) . We mounted the stuffed owl on a small platform 1.5 m above the ground at the top of a pole, positioned 5-6 m from the chaffinch nest, with its face oriented toward the nest. We initially kept the predator under cover. We uncovered and presented the predator only when the female had left the nest for a temporary feeding, to exclude the possibility that the male could defend not only the clutch but also its incubating mate. In all of the first trials, we played back alarm calls of chaffinches to attract the attention of the focal male away from its female and toward the predator model presented near the nest. We played back the alarm calls for only 5-10 s. We carried out all the manipulations so that the male chaffinch would be (and always was) the first individual to find the owl. We conducted the second experimental trial 3 mornings later, when incubation had started but, as with the first experimental trial, the female was absent.
We evaluated the response (described below) of each focal male for 5 min after the predator was detected. We also recorded whether the mobbing calls of the focal male lured other neighboring passerine birds. We conducted each of the experimental trials during the first half of the day (05.30-10.00). The weather was calm and dry during the trials. The weather conditions did not differ much during the 4 field seasons because the weather conditions were equally warm.
We divided the mobbing response of focal males into 4 categories, according to their displays and voice (after Korbut 1989) . When mobbing predators, chaffinches use ''chink'' and ''rain'' calls (Hinde 1954; Marler 1956; Korbut 1989) , and so these vocalizations became part of our categorization of response types:
No mobbing (0 points) The first type of response is no mobbing response to a predator: The chaffinch leaves the dangerous place without any alarm calls and investigates the predator from a distance while continuing its usual activities, such as foraging or singing.
Weak mobbing (1 point)
The second type of response is a weak response: frequent approaching and retreating from the predator and inspecting it. During the second type of alarm, chaffinches use mainly ''rain'' calls and a few ''chink'' calls.
Moderate mobbing (2 points)
The third type is a moderate response: It appears to be real alarm behavior when the birds tend to be close to the predator and move restlessly around it by bowing, pivoting, and tailflicking. In this third type, chaffinches often raise their crest, and their neck is usually somewhat extended, and both ''rain'' and ''chink'' call types are used in approximately equal proportions.
Strong mobbing (3 points)
The fourth type is a strong response: chaotic movements and intense display, perhaps including dive attacks on the predator. During the fourth type of alarm, almost all calls given by chaffinches are ''chink'' calls.
Although we do not know whether our ranking system is linear in terms of risk and energy expenditure, it corresponds to the species specific, step-by-step increasing intensity of mobbing behavior observed in several species under field conditions (Creutz 1955; Curio 1959 Curio , 1961a Curio , 1961b Curio , 1975 Shalter 1978) . The repeatabilities of mobbing scores obtained by I.K., T.K., and A.B. in the field were high (r ¼ 0.94, P , 0.001).
Mobbing call playbacks and extrapair copulations For the final 16 of the 42 nests in our study, we used another experimental approach to test whether the intensity of mobbing may be associated with the rate of extrapair copulations. We used playbacks of calls that are produced in different mobbing contexts as our manipulation of mobbing intensity (average intensity ¼ calls from ''moderate mobbing'' type above and low intensity ¼ calls from ''weak mobbing'' type above). In 2007, just before the owl was presented at these 16 nests during the preincubation period on the days when females had just laid their fourth egg, we captured the male chaffinches and removed them from their territories for 1 h. This male removal ensured that the females were left without their mates for the experimental trials. After capture, we kept these 16 males in cages covered by light fabric until release in the place of capture. The birds were provided with sunflower seeds and water. All 16 male chaffinches joined their females within 30 s-6 min after release (2.66 6 0.36 min, mean 6 SE).
Near these 16 nests containing focal females with their males temporarily removed, we presented the predator model as described above in conjunction with playbacks of alarm calls. We placed loudspeakers and played back the alarm calls of chaffinches recorded during the previous field season. We had recorded these calls with Sony W6DC and Sony PCM-D50 recorders connected to a parabolic microphone. We produced the playback tapes from these recordings using Avisoft-SASLab Pro software (Raimund Specht, Berlin, Germany), and each tape consisted of 10-min periods recorded at 6 nests during preincubation and at 6 other chaffinch nests during the incubation period. We randomized the order of the birds on the tape, and the calls played back were never repeated (McGregor et al. 1992 ). We did this to avoid individual preferences and individual variation of mobbing calls. We standardized playback amplitude to a natural sound level of 75 6 1.5 dB (mean 6 SD) at 0.5 m from the speaker by using a PI-6 soundlevel meter. We broadcast calls using a Soundmax SM-1007 cassette recorder. At 8 nests, we played back calls (typically, a few ''rain'' calls-''weak mobbing'') recorded during the preincubation period. At the remaining 8 nests, we played back calls recorded during the incubation period, which consisted of a greater number of ''rain'' and ''chink'' calls (''moderate mobbing'').
Although the females were alone for 1 h, we counted extrapair copulation attempts performed by neighboring males in both the preincubation and the incubation playback groups. Under conditions of mixed reproductive strategy, neighboring males should try to fertilize eggs of strange females by concentrating their extrapair copulation attempts on days when eggs are fertilized and to the moments when the mate of the female is engaged in activities other than mate guarding.
Data analysis
We used nonparametric tests on our data, as these tests are generally more conservative and more appropriate for highly bounded data sets like proportions. Nonparametric tests are especially useful for proportions heavily skewed as in case with values of mobbing intensity. We used Wilcoxon signed-ranks tests for within-male comparisons (such as mate guarding levels before or after incubation began) and Kruskal-Wallis analyses of variance by rank to test for effects of year of study in the predator model presentations. We tested for differences between females in extrapair copulatory behavior based on mobbing call playback using the Mann-Whitney U test. We analyzed our data using SPSS 11.0 statistical package for Windows (SPSS Inc., Chicago, IL).
RESULTS
The intensity of mate guarding was high and similar during the whole 5-day period before the onset of incubation, and it dropped as soon as females started to incubate the eggs. On average, males spent 96 6 1.73% (mean 6 SD) of their time guarding their mates during the preincubation period, and they spent only 3.15 6 0.88% (mean 6 SD) of their time on mate guarding during the first 3 days of incubation (2-tailed Wilcoxon signed-ranks test: Z ¼ 24.17, n ¼ 26, P , 0.001; Figure 1) In total, we observed 156 intrapair copulations in 120 observational hours, which resulted in 1.28 copulations per hour as the mean copulation rate per one pair over the entire 8-day period of the field observations. We observed 148 out of 156 intrapair copulations in the preincubation period, and only 8 intrapair copulations were observed during incubation. The mean copulation rate during preincubation (1.85 6 0.62 copulations per hour per pair [mean 6 SD], 80 observational hours in total) was significantly higher than during incubation (0.19 6 0.26 copulations per hour per pair [mean 6 SD; 42 h in total) (2-tailed Wilcoxon signed-ranks test: Z ¼ 24.46, n ¼ 26, P , 0.001; Figure 2 ). We did not find any effect of year on the mean intrapair copulation rate in the preincubation period (Kruskal-Wallis test, v 2 ¼ 1.85, df ¼ 2, P ¼ 0.40). We observed 267 approaches of neighboring and other strange males to the observed females over the entire 5-day fertile period. These approaches resulted in a mean of 3.31 6 1.29 extrapair copulation attempts per hour (mean 6 SD), which were not affected by the year (Kruskal-Wallis test,
The attempts resulted in 17 behaviorally successful extrapair copulations, and all these copulations occurred when the mates of 15 copulating females were involved in territorial conflicts, such as fights or chases with neighboring males.
The intensity of alarms of male chaffinches while mobbing the predator during the preincubation period was mainly scored as ''no response'' (Table 1) , and it was not dependent on the year (Kruskal-Wallis test: v2 ¼ 4.32, df ¼ 2, P ¼ 0.12). The intensity of mobbing of male individuals increased significantly within 3 days as soon as their females started the incubation of eggs, and it was scored as between the rates of ''weak'' and ''average'' responses (2-tailed Wilcoxon signedranks test: Z ¼ 24.60, n ¼ 26, P , 0.001; Table 1 ). None of the females arrived to mob the owl during the preincubation period, and only 5 out of 26 females supported their mates by arriving and giving low-intensity ''rain'' calls during incubation. The rest of the females supposedly left their territories for foraging in more distant areas. The mobbing responses of the nest owners attracted only 1 neighboring male (0.04 6 0.20 males, mean 6 SD) during the preincubation period, whereas their mobbing responses attracted between 1 and 7 neighboring/other strange males (5.46 6 1.33 males, mean 6 SD) during incubation.
When we removed 8 male chaffinches from their territories and played back tapes containing ''weak mobbing'' responses from the preincubation period originating from the previous breeding season, we observed 59 extrapair copulation attempts (7.38 6 3.29 copulation attempts per hour, mean 6 SD) and 25 behaviorally successful extrapair copulations (3.13 6 2.53 copulations per hour, mean 6 SD) with 2.63 6 0.92 strange males (mean 6 SD). In 8 territories, we played back the tapes consisting of calls from the ''strong mobbing'' response type. These mobbing responses attracted more males to the unguarded females, and we observed 227 extrapair copulation attempts (28.38 6 7.25 copulation attempts per hour, mean 6 SD), which resulted in 62 behaviorally successful copulations (8.13 6 3.68 copulations per hour, mean 6 SD) with 5.63 6 2.26 strange males (mean 6 SD). The results show that all of 16 unguarded females obtained significantly more extrapair copulations in comparison with the situation when they were guarded by their mates (2-tailed Wilcoxon signed-ranks test: Z ¼ 23.30, n ¼ 16, P , 0.001). The females obtained even higher rates of extrapair copulation in more intense mobbing areas, which attracted more strange males compared with areas with the mobbing responses of low intensity (2-tailed Mann-Whitney U test: U ¼ 7.50, n 1 ¼ 8, n 2 ¼ 8, P ¼ 0.01; Figure 3 ).
Figure 1
The proportion of time (%) the male chaffinches spent with their mates during preincubation and incubation periods. Lambrechts et al. 2000) . In this study, we have demonstrated that the intensity of nest defense of male chaffinches in the form of predator mobbing was extremely low during the preincubation period of their females, but mobbing intensity of the males significantly increased as soon as the fertility period of their females was over. These results suggest a link between the intensity of nest defense behavior by males and the ensuring of paternity in males' own nests under conditions of high densities of conspecific rivals. Female chaffinches obtained significantly more extrapair copulations when they were not guarded by their males compared with when their males were near. The rate of successful extrapair copulations became even higher when neighboring males were attracted to the unguarded female's territory in experimental trials by playing back the mobbing calls of chaffinches and particularly the higher intensity mobbing calls. Territorial boundaries have been demonstrated to limit mobbing behavior in some species (Betts et al. 2005) . Our findings show that neighboring males may cross another male's boundary during cooperative antipredator effort not only to mob and potentially drive off the predator but also to seek extrapair copulations. Even if neighboring males are not actively seeking extrapair copulations when crossing a territorial boundary in response to mobbing calls, our data indicate that such responses to mobbing calls can make extrapair copulations substantially more likely. Our study demonstrates that risk of paternity loss has a dramatic effect on the nest defense behavior of male chaffinch, which was further supported by the fact that the intensity of nest defense considerably increased less than a day or two after the females became unfertile. During the fertile period of their females, however, territory owners did not need to invest their time in mobbing because the predator model was not an immediate threat, and they continued mate guarding without signaling about the presence of the predator to other conspecifics.
Theory predicts that nest defense should increase as the nesting cycle progresses, but the predicted pattern of increase may differ in different species (Harvey and Greenwood 1978; Lazarus and Inglis 1986; Montgomerie and Weatherhead 1988; Redondo 1989; Clutton-Brock 1991; Onnebrink and Curio 1991; Halupka and Halupka 1997; Michl et al. 2000; Pavel and Bureš 2001; Rytkönen 2002 ). For example, several studies of nest defense in gulls and terns have given conflicting results. Mobbing of common gulls (Larus canus) and great black-backed gulls (L. marinus) did not increase as incubation progressed, contradicting parental investment models, but did increase as chicks aged, and chicks may be defended more strongly by parents than their eggs (Budrys and Gegelevičius 2002; Palestis 2005) . The temporal pattern of mobbing in the semi-precocial common tern (Sterna hirundo) most closely resembles that predicted for species with altricial young, which is explained by the fact that gulls prey more frequently on tern chicks than on eggs in the same communal colonies (Palestis 2005) . These data suggest that, in many cases, interpretation of the dynamics of nest defense behavior can be complicated, and it may be explained only by taking into account a number of important details of the species ecology. Our findings indicate that the loss of paternity may considerably affect the nest defense behavior of a passerine pursuing a mixed reproductive strategy and might be especially strong in a species where the female actively seeks extrapair matings.
Small songbirds may mob perched predators for a number of reasons (Curio 1978) . Potential functions of mobbing range from attempts to drive the predator out of the birds' territory or home range to attempts to permit young and naïve individuals in the group to learn about dangerous stimuli in contexts of relatively lower threat (given that a perched predator is less dangerous in the immediate sense than a flying predator). Some studies suggest that mobbing behavior of breeding birds in the temperate zone may be explained in terms of positive ecological relationships, such as mutualism and reciprocal altruism (Andersson and Wiklund 1978; Mönkkönen et al. 1997; Forsman et al. 1998 Forsman et al. , 2002 . Birds have been shown to follow a ''tit-for-tat'' strategy when cooperating with their neighbors in driving predators away from their breeding territories (Olendorf et al. 2004; Krams et al. 2006a Krams et al. , 2006b Krams et al. , 2008 . However, antipredator behavior may often be selfish behavior performed by isolated prey individuals directed toward the predators or when produced in the presence of conspecific individuals or relatives in specific social group structures (e.g., Slagsvold 1984; Ostreiher 2003) . Antipredator behavior often vary as a consequence of trade-offs with other needs in life (Lima and Dill 1990; Lima 1998 Lima , 2009 , and our study for the first time clearly demonstrate that mobbing behavior in male chaffinches is a trade-off between ensuring the paternity in their own nest and the risk of predation. 
